While in a triggered experiment the matching of the RPC transmission line impedance with the one of the front-end electronics is less critical, for a triggerless data recording this becomes mandatory. As expected, impedance matching is not straightforward when other requirements in terms of time and position resolutions, efficiency and granularity, have to be fulfilled in the same time. A method and the very first results obtained with a RPC prototype built based on it, presented in this paper, show that the impedance matching, independent of its granularity, can be achieved using an innovative architecture of the RPC.
Introduction
The Compressed Baryonic Matter (CBM) experiment at the future Facility for Antiproton and Ion Research (FAIR) in Darmstadt is dedicated to the exploration of the QCD phase diagram at high net-baryon densities using highintensity heavy-ion beams provided by the FAIR accelerators. For particle identification, the experimental setup will include a Time of Flight (TOF) subsystem covering an active area of 120 m 2 . The CBM-TOF wall [1] is based on MultiGap Resistive Plate Counters (MRPC) working in avalanche mode [2] , with strip structured readout electrodes -Multi-Strip Multi-Gap Resistive Plate Counters (MSMGRPC) [3] read-out in a differential mode [4] .
The system time resolution, including the contribution of the reference detector and associated electronics, has to be better than 80 ps, with an efficiency better than 95%. For 10 MHz minimum bias Au+Au collisions, the innermost part of the detector is exposed to counting rates up to 25 kHz/cm 2 and high particle multiplicities.
The granularity of the TOF wall is required to correspond to an occupancy bellow 5% in the most inner zone of the CBM-TOF wall. Under these conditions, the effective area of a single read-out cell has to be ∼6 cm 2 in the central part of the wall, close to the beam pipe. However, since the track density drops rapidly with increasing distance from the beam axis, the effective cell size at the increased polar angles could be larger, as it is shown in reference [1] . As a function of polar angle, for a given strip pitch, the length of the readout -strips can be easily adjusted to the required granularity.
In high interaction rate experiments, as CBM is designed to be used, a trigger-less readout concept is required. In a continuous readout operation all signals passing the electronics thresholds are digitised, time stamped and processed. This imposes to the MSMGRPCs, a perfect matching of the impedance of the signal transmission line to the input impedance of the front-end electronics, in order to reduce the large amount of fake information resulted from reflexions.
The transmission line corresponding to a narrow strip of a RPC prototype (2.54 mm pitch with 1.1 mm strip width) developed in our group [4] has characteristic impedance of 100 Ω, matching the input impedance of the differential front-end electronics used for signal processing [5] . Besides a very good time resolution, in the region of 50 ps, and efficiency better than 95%, such an architecture gives access to a two-dimensional position information with a resolution of 400 µm across the strips and ∼4.5 mm along the strip direction. The number of electronics channels required to equip the most forward polar angles of the CBM -TOF wall with such type of MSMGRPC of ∼140,000 has a direct impact on the final cost of the whole subdetector. This number is considerably reduced using a 7.4 mm strip pitch. A prototype with a 7.4 mm strip pitch (5.6 mm width) has been built and tested [6] . This prototype, based on low resistivity glass [7] , demonstrated excellent performance in terms of time resolution and efficiency up to local particle flux of 10 5 particles/(cm 2 ·s) and up to an exposure of 10 4 particles/(cm 2 ·s) all over the counter surface. Due to the larger strip width, a symmetric 2x5 gas gaps structure and properties of the low resistivity glass, the differential transmission line defined by the corresponding strips of the readout electrodes has a 50 Ω impedance. Therefore, an impedance matching with the input impedance of fast amplifiers of 100 Ω was required at the level of FEE motherboards. With a proper choice of the strip length, the readout architecture of this prototype fulfils the required granularity for the most inner zone of the CBM-TOF wall with ∼3 times less electronic channels relative to the narrow strip solution mentioned above.
In order to fulfil simultaneously all requirements in terms of detector performance, granularity and impedance matching, an original solution is proposed.
We are reporting here the design of a new MSMGRPC prototype with a strip pitch of 7.2 mm, which matches any input impedance of a given front-end electronics by tuning the impedance of the signal transmission line through the value of the readout strip width, independent on the granularity given by the width of the high voltage strip and cluster size. The results of very preliminary measurements which confirm the expectations based on simulations are presented.
Detector inner architecture
The detector inner geometry, schematically presented in Fig. 1 , is the same as for the previous prototypes already reported [4, 8] . It has a structure of two stacks symmetrically disposed relative to the central readout electrode. Each stack contains six plan parallel resistive electrodes of 0.7 mm thickness, equally spaced by five gas gaps. The size of the gas gap is defined by the 140 µm diameter nylon fishing line used as spacer. The resistive electrodes are made from low resistivity glass (∼1.5x10 10 Ωcm). The electric field created in this way between the anode and cathode correspond-ing HV strips improves the time resolution in high counting rate environment by removing faster the space charge from the active gas volume. The mechanical stability and precise alignment of the electrodes is maintained by two honeycomb plates positioned on the outer sides of the two stacks, as it is shown in the cross section across the strips presented in Fig. 2 . The signals are readout in a differential mode, both, the anode and the cathode signals, being fed into the input of a readout electronics channel. The readout strips behind the corresponding anode and cathode HV ones define a signal transmission line of which impedance depends on the strip width and the properties of the whole structure in between.
In order to achieve a direct matching with the 100 Ω input impedance of the front-end electronics and the required granularity, an innovative solution is proposed: for a given strip pitch of the HV electrodes, which is essential for the detector granularity, one could vary the signal strip width such to obtain a desired impedance of the transmission line, 100 Ω in our case. As input for the simulation, the transmission line for the signal propagation was defined as a multilayer structure composed from the cathode and anode readout strips separated by the PCB layers, kapton foils, resistive glass electrodes and gas layers for one single stack of the counter (see figure 1) . The individual dielectric layers positioned between the anode and cathode readout strips were considered as capacitors coupled in series. The values of the thickness and permittivity of the individual layers (glass, kapton, FR4, gas) were considered in the calculation as an equivalent dielectric thickness h and equivalent dielectric constant, r , as it is shown in figure 3 . A differential signal with timing characteristics of 50 ps rise time, 300 ps width and 50 ps fall time was If the transmission line is matched to the input and output impedances at the two ends, i.e.: 
Therefore, for a 1.32 mm strip width, 0.7 mm glass thickness, 140 µm gas gap, and relative glass permitivity r = 9.1, APLAC simulations predicted a transmission line impedance of Z 0 = 198 Ω. As it was specified above, this value was estimated for a single stack, representing one half of the structure. As This value is matched to the input impedance of the front-end electronics (FEE) used for MSMGRPC signal processing, as it is based on NINO chip developed within ALICE-TOF collaboration [5] or PADI developed within the CBM-TOF collaboration [10] . In order to estimate the consequence of such an architecture on the amplitude of the signal induced on the pick-up electrodes relative to the case when the signal strip have the same width as the HV ones, we used in the APLAC simulation the scheme presented in Fig. 6 . Fig. 6a left side corresponds to the architecture presented in this Section and the narrow strip configuration where both, the signal and HV strips have the same width is presented in Fig. 6a right side. The equivalent scheme used for APLAC simulation is presented in 
Detector prototype
Based on the results of APLAC simulations presented in the previous chapter, was designed and constructed a MSMGRPC prototype following the general structure of previous ones, presented in Fig. 1 with HV strip width of 5.6 mm, A schematic view of a single readout channel, including the MSMGRPC transmission line, is depicted in Fig. 9 . A photo of the assembled stack with the structure presented in Fig. 1 is shown in Fig. 10 left side. In the same period it was assembled a single stack MSMGRPC structure with 8 gas gaps and 100 Ω impedance. The two RPCs were assembled mechanically on top of each other for cosmic ray and in-beam tests. The final structure with the cabled signals can be followed in Fig. 10 right side. The signal transmission to the FEE plugged 
Detector laboratory test
The prototype with the characteristics described in the previous chapter and presented in Fig. 10 was tested with a gas mixture of 90%C 2 H 2 F 4 +10%SF 6 and electric field of 157 kV/cm. An example of typical signals produced by cosmic rays is shown in Fig. 11 . on the back flange of the housing box.
Conclusions
In the present paper is presented a method to tune the MSMGRPC impedance such to match the input impedance of the corresponding FEE. This can be achieved independent of the RPC granularity by using an innovative RPC architecture. The very first results obtained with an RPC prototype built based on this method support the expectations based on APLAC simulations.
